IT IS well established that conduction in the subendocardium remains relatively preserved during acute myocardial ischemia in vivo at a time when conduction in the subepicardium has undergone progressive delay and fractionation (Boineau and Cox, 1973; Williams et al, 1974; Scherlag et al., 1974; Elharrar et al., 1977; Ruffy et al., 1979) . This difference between the electrophysiological response of endocardium and epicardium is particularly puzzling, considering the established susceptibility of the subendocardium to the necrotizing effects of coronary artery occlusion (Jennings et al., 1957; Rivas.et al., 1976) . Various explanations have been offered, including effects of cavity blood (Friedman 
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(TTX) and verapamil in an attempt to define the relative contribution of fast and slow-channel activity to the action potential characteristics of these cell types.
Methods
General
Mongrel adult dogs weighing 15-25 kg were anesthetized with sodium secobarbital (30 mg/kg, iv), and their hearts were rapidly excised and placed in cool Tyrode's solution. A 1.5 X 1.5 cm square of myocardium from the base of the right ventricle was dissected free and split into two halves by an incision through the midmyocardium. The two pieces, now separated, were pinned to the wax bottom of a plexiglass supervision chamber with the epicardial and endocardial surfaces facing upward. In some experiments, single right ventricular endocardial preparations containing free-running false tendons or single right ventricular papillary muscle preparations were used.
The preparations were superfused at a rate of 5 ml/min with Tyrode's solution gassed with 95% O2 and 5% CO 2 . The composition of the Tyrode's solution (HIM) was: MgCl 2 , 0.5; NaH 2 PO 4 , 0.9; CaCl 2 , 2.7; NaCl, 137.0; NaHCO 3 , 12.0; KC1, 4.0; and glucose, 5.0. The temperature of the superfusate was monitored (Yellow Springs tele-thermometer) and maintained at 37.0 ± 0.5°C. Superfusate pH was monitored with a flexible glass pH probe (Microelectrodes, Inc.) connected to the input of a digital ionanalyzer (Orion Research, model 601A) and maintained for normal Tyrode's solution at 7.37 ± 0.05. The oxygen tension of the Tyrode's solution was 400-600 mm Hg.
Each piece of myocardium was stimulated independently at a basic cycle length (BCL) of 500 msec through bipolar Teflon-coated stainless steel electrodes. Stimuli were rectangular pulses of 2 msec duration delivered at an intensity of 1.5 times the diastolic threshold and were obtained from a pulse generator through an isolation transformer (Digipulser model 830, Isopulser model 850, W-P Instruments, Inc.).
Transmembrane potentials were recorded from the surface cells of all preparations with glass microelectrodes filled with 3 M KC1 (DC resistance, 10-30 M£2). The electrodes were coupled to silversilver chloride wires leading to the input stages of a high impedance, capacitance-neutralizing amplifier (model 750, W-P Instruments, Inc.). Electronic differentiation was used to obtain the first time derivative of the action potential upstroke. Extracellular bipolar electrograms were recorded with bipolar Teflon-coated stainless steel electrodes. The distance between the poles was 1.5 mm. The recordings were displayed on a memory oscilloscope (Tektronix D15), photographed with a Polaroid camera (C-59), and recorded on magnetic tape (Hewlett-Packard model 3960).
Measurements
The action potential characteristics measured were resting membrane potential (RMP), action potential amplitude (APA), action potential duration at 50 and 90% of repolarization (APD50 and APD90), the maximum rate of rise of phase zero (dV/dtmax), activation time (ACT), the effective refractory period (ERP), and the ratio of ERP to action potential duration at 100% of repolarization (APD100).
ACT's were determined by the time interval between the upstroke of the stimulus artifact and the maximum dV/dt deflection, except in false tendons during supervision with TTX or altered Tyrode's solution when they were measured between two microelectrodes placed at opposite ends of a Purkinje fiber.
The ERP was determined using the extrastimulus technique (Krayer et al., 1951) . A train of 11 basic stimuli (Si) of 2 msec duration and 1.5 times diastolic threshold at an S1-S1 interval of 500 msec was followed by a late premature stimulus (S 2 ) that initially elicited a normal action potential response. The S 2 was 4 msec duration and 1.5 times control diastolic threshold. The S1-S2 interval was shortened until the S 2 failed to elicit a full response. A full response was arbitrarily defined as that response occurring within 5 msec of S 2 , that obtained an amplitude at least 65% of the amplitude of the response to Si. ERP's were determined with an accuracy of ± 1msec during control periods and with an accuracy of ±5msec during supervision with altered Tyrode's solution (see below).
Membrane responsiveness in endocardial, epicardial, and papillary muscle was estimated by plotting dV/dtmax as a function of the takeoff potential (TOP) at various times during phases three and four of the action potential during premature stimulation. The stimulation protocol was the same as for determination of ERP. Membrane responsiveness was also estimated by plotting the relationship between RMP and dV/dtmax during control periods and at various times during superfusion with altered Tyrode's solution, when spontaneous changes in RMP occurred as the result of superfusion.
Protocols
After 45-60 minutes of equilibration in normal Tyrode's solution, the preparations were superfused with altered Tyrode's solution maintained at 37°C. Altered Tyrode's solution had the same composition as normal Tyrode's solution, with the exception of KC1, 8.0 mM; NaHC0 3 , 5.45 naj; and NaCl, 150.0 mM. Altered Tyrode's solution was gassed with 95% N 2 , 5% CO 2 , resulting in a pH of 6.85 ± 0.05 and a Po 2 < 50 mm Hg. The changes in KC1, oxygen, and hydrogen ion content in altered Tyrode's solution are similar to those reported to occur during early stages of acute myocardial ischemia (Downar et al., 1977a; Hill and Gettes, 1977) . Altered Tyrode's so- VOL. 46, No. 6 JUNE 1980 lution was supervised for 15 minutes, followed by 60 minutes of washout with normal Tyrode's solution. In 13 preparations, altered Tyrode's solution was supervised for 60 minutes to determine the electrophysiological consequences of prolonged exposure.
The effects of TTX (5 X 10~6 M) and racemic verapamil (2 X 10~6 M) dissolved in normal Tyrode's solution were determined for epicardial and endocardial preparations excised from the right ventricle. After equilibration with normal Tyrode's solution, the preparations were superfused with TTX for 15 minutes, allowed to recover for 30 minutes of washout, and then exposed to verapamil for 30 minutes.
Statistical analysis was performed using Student's t-test for paired or unpaired data, where appropriate (Dixon and Massey, 1969) . Figure 1 illustrates the effects of superfusion with altered Tyrode's solution on action potentials recorded from endocardial (top recording) and epicardial (bottom recording) muscle cells. During control, the duration of the action potential recorded from the epicardium was shorter than the duration of the action potential recorded from the endocardium, and the action potential displayed a prominent notch between phases one and two. Superfusion with altered Tyrode's solution progressively shortened APD, reduced RMP, APA, and dV/dt max , and prolonged ACT in both tissues. The separation between phases zero and two of the epicardial cell after 13 minutes of superfusion with altered Tyrode's solution was a characteristic response of epicardium and papillary muscle but was not seen in endocardial cells. The plateau of the epicardial cell was suppressed after continued superfusion of altered Tyrode's solution, and only a smaller action potential remained (14 minutes AT). At the time when the epicardial cell became unresponsive (15 minutes AT), the stimulus duration was increased from 2 msec to 12 msec. This elicited an action potential with a more prominent plateau that rapidly diminished in amplitude with each successive stimulus. Further increases in stimulus duration produced similar behavior, but the initial action potential was reduced in amplitude, and the decrease in amplitude occurred more rapidly. Finally, complete inexcitability of the epicardial cell ensued regardless of stimulus intensity, at a time when the endocardium still responded to a stimulus of 2 msec duration.
Results
Effects of Altered Tyrode's Solution on Transmembrane Potential Characteristics
The effects of altered Tyrode's solution were reversed following 15 minutes of washout. Although RMP, APA, dV/dUax, and ACT returned to control values, APD50 and APD90 were longer than control after 20 minutes of washout in both tissues. Changes in cellular action potential characteristics during superfusion with altered Tyrode's solution appeared to correlate with alterations in bipolar electrograms (Fig. 2) . Activation delay, loss of amplitude, and fractionation of electrograms were more severe in epicardium than endocardium.
In three preparations, the same endocardial and epicardial impalements were maintained throughout two 15-minute periods of superfusion with altered Tyrode's solution, separated by 30 minutes of washout. RMP and APA were slightly increased in both cell types during washout after the initial superfusion with altered Tyrode's solution, and the electrical changes induced by the second superfusion with altered Tyrode's solution were less marked, particularly in the endocardial cells. The effects of acute and prolonged exposure of Purkinje cells to altered Tyrode's solution are illustrated in Figure 3 . Marked depression of RMP, APA, APD, and dV/dtmax occurred after 15 minutes of superfusion with altered Tyrode's solution. These changes were partially reversed over the next 45 minutes of continued superfusion with altered Tyrode's solution. Stabilization or partial reversal of the effects of altered Tyrode's solution were seen in three additional experiments in which 60-to 90-minute impalements of the same cell were obtained. In addition, improvement of Purkinje fiber action potentials occurred in two of two preparations superfused with altered Tyrode's solution which did not contain glucose. In a similar fashion, endocardial muscle cell action potentials partially recovered in three of four preparations during 20-60 minutes of superfusion with altered Tyrode's solution containing glucose. Epicardial cells (n = 5) and papillary muscle cells (n = 4) showed only slight or no improvement with prolonged superfusion. Following 10 minutes of washout, the configuration of each type of action potential returned toward control contours, although APD was increased.
The average values (±SEM) for RMP and APA during control, at 5-minute intervals during superfusion with altered Tyrode's solution, and at various times during washout for endocardial, epicardial, and Purkinje fibers are given in Figure 4 . A similar format is used to display changes in APD50 and and 5 of 16 papillary muscle cells were unresponsive, and after 15 minutes, 15 of 18 epicardial cells and 11 of 16 papillary muscle cells were unresponsive. These cells were not included in the data analysis other than for measurement of RMP. All 13 Purkinje cells were responsive throughout the 15-minute superfusion with altered Tyrode's solution, whereas two of 16 endocardial muscle cells were unresponsive at 15 minutes. All cells were excitable after 5 minutes of washout.
AT
During superfusion with altered Tyrode's solution, the four types of cells showed progressive loss of RMP and APA that returned toward control with washout ( Fig. 4 and Table 1 ). RMP of epicardial, endocardial, and papillary muscle was similar after 15 minutes of superfusion with altered Tyrode's solution, in spite of the fact that 15 of 18 epicardial cells and 11 of 16 papillary muscle cells were unresponsive in comparison to only 2 of 16 endocardial cells. Purkinje cell RMP declined rapidly to the level of endocardial muscle during the first 10 minutes of superfusion with altered Tyrode's solution, but then slowed its rate of decline and was significantly greater than the value for muscle after 15 minutes of superfusion with altered Tyrode's solution, although APA at this time was similar to that for endocardial muscle. After 30 minutes of washout, endocardial muscle tended to have greater RMP and APA than control, although the differences were not statistically significant. Values for epicardial muscle still had not returned to control values by this time. Purkinje fiber APA and RMP Figure 4 . Changes in APD50 were equivalent to changes in APD90 during altered Tyrode's superfusion in endocardial muscle (Fig. 5) . Changes in epicardial APD50 were greater than for endocardial muscle (P < 0.05), whereas changes in APD90 were similar. Both APD50 and APD90 tended to shorten more in papillary muscle than in endocardium or epicardium. Shortening of APD50 in Purkinje fibers was more pronounced than reduction in APD90 and resulted in similar APD50 for Purkinje fiber and endocardial muscle after 10 and 15 minutes exposure to altered Tyrode's solution, although APD90 for Purkinje fibers remained significantly longer than APD90 for endocardium at these times. APD of endocardial and epicardial muscle types was slightly prolonged after 30 minutes of washout, and APD of Purkinje cells was prolonged to a greater extent, particularly APD50.
Endocardial and epicardial muscle showed progressive decreases in dV/dt max and corresponding increases in ACT with continued superfusion with altered Tyrode's solution (Fig. 6) . Despite a large reduction in dV/dt ma x of Purkinje cells during superfusion with altered Tyrode's solution, ACT was not greatly affected. After 5 minutes of superfusion with altered Tyrode's solution, there was a trend toward accelerated conduction in Purkinje fibers, i.e., ACT's were less than control, in spite of reduction in dV/dtmax from 686.9 ± 43.8 to 541.2 ± 17.9 V/sec. This was followed at 15 minutes by a modest, but significant (P < 0.05), increase in ACT that returned to control after only 5 minutes of washout. In papillary muscle, there was also a trend toward accelerated conduction after 5 minutes of superfusion with altered Tyrode's solution, despite a 30% reduction of dV/dtmax. Further reductions in dV/ dtmax were associated with increased ACT, but the increase in ACT tended to be less than in endocardium or epicardium.
The average percentage change from control values in action potential characteristics after 5, 10, and 15 minutes of superfusion with altered Tyrode's solution for the four cell types are given in Table 2 . Percent changes in values for epicardial muscle generally exceeded those in endocardial muscle but were less than changes for Purkinje fibers. Epicardium displayed a rapid reduction in dV/dtmax and increase in ACT that exceeded those changes in endocardial muscle or Purkinje fibers. Percent changes for papillary muscle were similar to those for epicardium, except for APD, which tended to shorten more in papillary muscle and for ACT, which was less increased.
The relationship between duration of superfusion with altered Tyrode's solution and washout and the ERP/APDioo ratio is given in Figure 7 . In Purkinje cells, the ERP/APDioo ratio increased following 5 minutes of superfusion with altered Tyrode's solution but remained less than 1.0 during the entire 10-minute period of superfusion. Endocardial muscle showed more marked changes, resulting in postrepolarization refractoriness after 7 minutes of superfusion with altered Tyrode's solution. Changes in ERP/APDioo ratio in epicardium were equivalent to those in endocardium during the first 8 minutes of superfusion with altered Tyrode's solution, but then the ERP/APDioo ratio in epicardium increased rapidly. In these preparations, all the epicardial cells became inexcitable after 10 minutes of superfusion with altered Tyrode's solution and were not excitable until after 4 minutes of washout.
Membrane Responsiveness
Representative examples of membrane responsiveness curves obtained by applying premature stimuli during terminal repolarization of the action potential in endocardial, epicardial, and papillary muscle are shown in Figure 8A during superfusion with normal Tyrode's solution. For TOP's more negative than approximately -75mV, dV/dtmax was similar for the three types of cells. At less negative TOP's, however, the magnitude of dV/dtmax decreased sharply for epicardium and papillary muscle in comparison to endocardium.
Despite the absence of steady state conditions, we attempted to estimate membrane responsiveness, using premature stimuli, after 5-6 minutes of superfusion with altered Tyrode's solution in two preparations of paired endocardial and epicardial pieces. In epicardium, the magnitude of dV/dtmax became a function of the Si-S 2 interval, as well as of TOP; action potentials developed larger dV/dtmax 
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as the Si-S 2 interval was lengthened, even though the TOP remained constant. This also was true for endocardium, but to a lesser extent. Accurate characterization of this phenomenon was not possible, and no quantitative data were collected. The relationship between RMP and dV/dtma x for epicardial, endocardial, and papillary muscle during control conditions and at various times during superfusion with altered Tyrode's solution was determined during normal pacing at a BCL of 500 msec (Fig. 8B) equivalent at RMP greater than approximately -68 mV. At less negative potentials, however, dV/dt ma x was less in epicardial and papillary muscle cells in comparison to endocardial cells.
Effects of TTX and Verapamil on Action Potential Characteristics
The effects of TTX (5 x 10" 6 M) on epicardial and endocardial muscle are illustrated in Figure 9 . After 15 minutes of exposure to TTX, endocardial RMP, APA, APD, and dV/dtmax were reduced. Similar changes in APD occurred in epicardium, but reduction in APA during phase zero and dV/dtmax were more marked. These changes were reversed following drug washout. TTX markedly shortened APD in Purkinje fibers (Fig. 10) and reduced APA and dV/dtmax. In addition, the slope of phase four depolarization was increased in eight of 14 cells exposed to TTX. However, none of these preparations were spontaneously active prior to or following TTX supervision. Table 3 summarizes the effects of TTX on the three cell types in terms of absolute values and as percent change from control. This concentration of TTX exerted a greater effect on Purkinje cell APD than on APA or dV/dtmax. In addition, the effects were greater on APD50 than on APD90 (P < 0.05). Although TTX significantly shortened APD in muscle (and tended to affect APD50 more than APD90 in epicardium), it also had significant effects on RMP and greater effects on APA than in Purkinje tissue (P < 0.05). Despite equivalent effects on RMP, TTX depressed dV/dW,,, and APA in epicardium to a greater extent than in endocardium (P < 0.05). Changes in ACT were the same for both types of muscle.
Verapamil (2 X 10~6 M) shortened APD50 in endocardial muscle and Purkinje fibers (Table 4) , whereas APD90 was shortened in endocardial muscle but prolonged in Purkinje cells. No statistically significant effects of verapamil on APD in epicardial muscle were observed, although there was a trend toward shortening of APD50 and APD90. The lack of statistical significance was due to partial dissociation and delay between the rapid upstroke and plateau phases of the epicardial action potential in some cells which resulted in prolongation of APD. APA was reduced in both muscle cell types, and significant reduction in RMP occurred in muscle with a trend toward APA and RMP reduction in Purkinje cells. Equivalent small reductions in dV/ dtmax and increases in ACT were seen in muscle and Purkinje cells. However, the changes in ACT were not statistically significant.
Discussion
New Observations from This Study
The results of this study demonstrate that: (1) supervision with altered Tyrode's solution (KC1 = 
+1.5
Abbreviations same as in Table 2 . * P < 0.05; t P < 0.01. 8.0 nw, pH = 6.85, and Po 2 < 50 mm Hg) affected ACT, excitability, and action potentials to a greater degree in the epicardium than in the endocardium or in Purkinje fibers; papillary muscle displayed changes in excitability and action potentials that were similar to those of epicardium; (2) during continued superfusion with altered Tyrode's solution, Purkinje fibers, and to a lesser degree, endocardium, underwent partial recovery; (3) less marked changes occurred in epicardium and endocardium during a second exposure to altered Tyrode's solution than during the first; (4) verapamil (2 X 10~6 M) affected endocardium and epicardium equivalently; and (5) TTX (5 X 10~6 M) shortened APD more in Purkinje fibers than in endocardium or epicardium and depressed APA and dV/dtmax more in epicardium than in endocardium, with equal prolongation of ACT's.
Superfusion with Altered Tyrode's Solution
The greater sensitivity of epicardial than endocardial muscle to superfusion with altered Tyrode's solution may be due to intrinsic differences in membrane responsiveness, particularly as the membrane potential is reduced. Control values of APA and dV/dt m ax tended to be slightly lower for epicardial than endocardial muscle, although only the difference in APA was statistically significant. Membrane responsiveness at TOP's less negative than -75mV was attenuated during control conditions in epicardium as compared to endocardium. During 15 minutes of superfusion with altered Tyrode's solution, changes in RMP were parallel for epicardium and endocardium, yet changes in APA, dV/dtmax, and ACT, as well as loss of excitability, tended to be greater in epicardium.
The differences in membrane responsiveness between epicardium and endocardium during control periods or exposure to altered Tyrode's solution probably are due, at least in part, to the presence of Purkinje cells in the endocardial layers. Endocardial muscle cells not in contact with Purkinje cells (i.e., papillary muscle tip cells) showed membrane responsiveness curves and changes of APA and dV/ dtmax and loss of excitability during superfusion with altered Tyrode's solution that were similar to those for epicardium, despite control APA, RMP, and dV/dtmax values that approximated more closely those of endocardium than epicardium.
Partial Recovery
We observed partial recovery of Purkinje cells and, to a lesser extent, endocardial muscle cells, during 20-60 minutes of superfusion with altered Tyrode's solution. Recovery of epicardial or subepicardial cardiac electrical activity during this period has been described following acute myocardial ischemia in vivo Downar et al., 1977b; Janse et al., 1979) and has been ascribed to increases in collateral flow or diffusion of metabolites such as K + from the extracellular space of the ischemic zone. Our data indicate that improved cellular electrical activity of endocardium and Purkinje fibers can occur in an environment of constant hypoxia, hyperkalemia, and acidosis, even without exogenous glucose and free fatty acids. Although we did not observe significant recovery of electrical activity in separate pieces of epicardium, endocardial improvement possibly could contribute to the recovery of epicardial activity during myocardial ischemia in vivo.
The data for three preparations in which impalements were maintained throughout successive superfusions of altered Tyrode's solution suggest that less marked changes occurred during the second exposure to altered Tyrode's solution than during the first exposure. This observation may represent a cellular correlate to the observation that the initial occlusion of a coronary artery produces more severe electrical changes than subsequent occlusions (Boineau and Cox, 1974; Ruffy et al., 1977; Scherlag et al., 1974) . Superfusion with solution containing an elevated potassium concentration in vitro, however, may have merely replenished potassium losses incurred during dissection and equilibration of the preparation (Langer and Brady, 1966) and resulted in more negative resting potentials and a diminished response to the depolarizing effects of subsequent superfusion with altered Tyrode's solution.
Effects of Verapamil and Tetrodotoxin
Our data concerning the effects of verapamil on canine Purkinje fibers are in agreement with previous studies (Cranefield et al., 1974; Rosen et al., 1974) . Shortening of APD50 apparently is the result of slow-channel blockade, whereas prolongation of APD90 results from depressant effects on outward plateau current (Kohlhardt et al., 1972; Kass and Tsien, 1975) . Both APD50 and APD90 shortened in endocardial muscle, suggesting depression of slow current without significant effects on repolarizing currents.
TTX-induced shortening of APD in Purkinje fibers with minimal effects on APA or dV/dtmax has been described previously (Dudel et al., 1967; Coraboeuf et al., 1979) and may be due to suppression of a TTX-sensitive plateau current (Gadsby and Cranefield, 1977; Attwell et al., 1979) . Increases in phase four depolarization during TTX exposure also have been described previously (Vassalle and Scida, 1979) , but the mechanism for this phenomenon is not well understood.
The changes induced by TTX also support the presence of decreased intrinsic responsiveness in epicardium vs. endocardium, since RMP changes produced by TTX were similar in the two cell types, yet the amplitude of the action potential upstroke during phase zero was attenuated more in epicardial cells, as was dV/dtmax-ACT in the two tissues was similar, however, possibly due to depression of Purkinje-mediated conduction in endocardium. ACT increased by 29% in TTX-treated Purkinje fibers with only a 25% reduction in dV/dtmax, yet 15 minutes of superfusion with altered Tyrode's solution increased ACT by 13.0% when dV/dtm ax was depressed by 71.9%. These results reemphasize possible disparities between dV/dtmax and conduction velocity (Peon et al., 1978) and suggest that excitability is the major determinant of conduction velocity during superfusion with altered Tyrode's solution.
Consideration of the Model
The experiments using paired pieces were designed to allow simultaneous measurement of the electrophysiological properties of previously aligned endocardial and epicardial tissue under identical conditions of superfusion. A possible drawback of this and other studies of epicardial muscle is that these cells normally receive oxygen and nutrients from intramural coronary vessels, and their ability to absorb these substances from a superfusate is unknown. This problem may affect endocardium as well, since the contribution of cavity blood to its normal in vivo electrical activity has not been determined. We attempted to minimize the effects of diffusion barriers by analyzing only recordings from the surface cells.
Pieces from right ventricle were used because of their thin wall and ease of dissection. Several pilot studies were done on left ventricular tissue, however, and no qualitative differences in response to altered Tyrode's solution were observed.
The second reason for choosing right ventricular pieces was to obtain samples of ventricular endocardium that had sparse concentrations of Purkinje fibers. A similar aim dictated the need for experiments on papillary muscle tips. Naturally, without histological confirmation, we can only assume whether or not Purkinje fibers were present. The "intermediate" response of endocardium, compared to that of Purkinje fibers, epicardium, and papillary muscle tips suggests that some remaining Purkinje fibers in the right ventricular endocardium may have contributed to the endocardial response to superfusion with altered Tyrode's solution. However, we cannot eliminate the possibility that, in isolation, myocardial cells from the endocardium and epicardium might have intrinsically different electrophysiological properties, and these might explain the differences in behavior that we have described, particularly in view of the differences in cardiac membrane lipid composition reported for various layers of canine myocardium (Platner et al., 1978; Abas et al., 1979) .
From these experiments, we conclude that the resistance of Purkinje fibers to the effects of hyperkalemia, acidosis, and hypoxia contributes to the preservation of endocardial electrical activity, probably by electrotonic interactions. Applying this conclusion to the in vivo model during acute myocardial ischemia obviates the need to invoke the effects of Thebesian blood flow, superfusion by cavity blood, or greater capacity of subendocardium for anaerobic glycolysis, although these phenomena still may play a role in vivo. Although it is possible that endocardium may be intrinsically more resistant than epicardium to the effects of ischemia, the similar response of papillary muscle tip and epicardium make this conclusion less likely.
